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Previewspossible explanation is that the architec-
ture of the PIC found at spermiogenic
gene promoters requires the cleavage of
TFIIAa-b. Support for such a model may
come from a recently published study by
Zhou et al. (2013) in which a second
variant core promoter recognition factor
TAF7l was shown to bind TRF2 and core-
gulate the same spermiogenic target
genes as TFIIAa-b and TRF2. In this
manner, cleaved TFIIAa-b, TRF2, and
TAF7l likely form the basis of an alterna-
tive PIC required for spermatogenic differ-
entiation. Thus, cleavage of TFIIAa-bmay
facilitate the binding of all three of these
factors to specific core promoter se-
quences at the spermiogenic genes.
Future bioinformatic studies identifying
the cis-acting sequences required for
this alternative PIC and the structural
determinants of their protein-protein and
protein-DNA interactions will be neces-
sary to further understand the molecular
basis of this alternative PIC required for
spermatogenesis. While Oyama et al.
(2013) and Zhou et al. (2013) have set us
on our way, there is still much to learn
about how such exquisite transcriptional
regulation is achieved.
A second, more general question is
whether such PIC variations are confined
to the testis or the germline in mammals.
The answer is unequivocally no. It is also124 Developmental Cell 27, October 28, 2013known that ovarian follicle development
to produce healthy mammalian oocytes
requires TAF4b, a gonadal-enriched sub-
unit of the TFIID complex (Lovasco et al.,
2010). Outside of the gonads and germ-
line regulation, assemblies of alternative
promoter recognition complexes such as
TAF3/TRF3 are known to be required for
myoblast differentiation in vitro (Deato
et al., 2008). Thus, remodeling of the
canonical to specialized core promoter
recognition complexes is a critical aspect
of both somatic and germ cell evolution
and differentiation. Finally, the correct
regulation of transcription is essential for
the pluripotency state of mammalian
embryonic stem cells. A recent study by
Pijnappel et al. (2013) demonstrates the
positive function of the canonical TFIID
complex in licensing cellular reprogram-
ming from a differentiated to pluripotent
state. This study further confirms the
notion that, although first thought to be
generic core promoter recognition fac-
tors, the GTFs are prime players in the
regulation of cellular states, including plu-
ripotency. In summary, the study of
Oyama et al. (2013) not only provides
essential knowledge of cell-type-specific
transcriptional mechanisms, it also pro-
vides direct opportunities for intervention
in male infertility and the future develop-
ment of male contraceptives.ª2013 Elsevier Inc.REFERENCES
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Diverse roles inmembrane fusion have been proposed for the transmembrane regions (TMRs) of SNARE pro-
teins, including formation of channel-like transmembrane pores. Reporting inNeuron, Zhou et al. (2013) show
that lipid-anchored SNAREs lacking TMRs can support neurotransmitter release, suggesting that SNAREs
function primarily as power engines that force membranes together.Most types of intracellular membrane
fusion involve the formation of tight com-
plexes between SNARE proteins. TheseSNARE complexes consist of four-helix
bundles formed by sequences called
SNARE motifs that precede a C-terminaltransmembrane region (TMR) in at least
one of the SNAREs of each membrane
(reviewed in Rizo and Su¨dhof, 2012). For
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Figure 1. Synaptic Vesicle Fusion Induced by SNARE Complexes
Model of synaptic vesicle fusion induced by the formation of SNARE complexes between the synaptic
vesicle SNARE synaptobrevin (red) and the plasma membrane SNAREs syntaxin-1 (yellow) and SNAP-
25 (green). Helices are represented by cylinders and unstructured regions by curves. Synaptobrevin
and syntaxin-1 each contain one SNARE motif preceding a C-terminal TMR (dark gray), while SNAP-25
contains two SNARE motifs. In a widely accepted model, the TMRs of synaptobrevin and syntaxin-1
were proposed to form continuous helices with their SNARE motifs. N and C indicate the N and C termini,
respectively. Note that other components of the release machinery (not shown for simplicity) are required
for physiological membrane fusion (Ma et al., 2013).
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Previewsexample, in the neuronal SNARE complex
that mediates neurotransmitter release
by synaptic vesicle fusion, synaptobrevin
and syntaxin-1 contain a TMR anchored
at the vesicle and plasma membranes,
respectively (Figure 1). This architecture
allows SNARE complexes to pull the two
membranes together as they ‘‘zipper’’
from the N terminus to the C terminus,
which is critical for membrane fusion.
However, the mechanism by which the
SNAREs apply force on the membranes
to induce fusion is still unclear, and a
crucial aspect under debate is the func-
tion of the SNARE TMRs. Diverse key
functions have been proposed for the
TMRs, as discussed below, but other
data have suggested that the TMRs are
not required for yeast vacuolar fusion
(e.g., Xu et al., 2011). Zhou et al. (2013)
now report in a recent issue of Neuron
that syntaxin-1 and synaptobrevin can
support neurotransmitter release when
targeted to their respective membrane
via a C-terminal lipid anchor instead of
the TMR and that release can occur
even when both syntaxin-1 and synapto-
brevin are lipid anchored, thus providing
crucial insights to settle this debate.
The approach followed in Zhou et al.
(2013) involved analysis of the ability
of syntaxin-1 or synaptobrevin mutants
lacking their TMR (syntaxin-1 DTMR and
synaptobrevin DTMR) to rescue neuro-
transmitter release in neurons deficient
in the respective wild-type (WT) protein.
The authors realized that two other
syntaxin isoforms (syntaxin-11 and syn-
taxin-19) contain palmitoyl-lipid anchors
instead of a TMR, and thus, to correctly
target syntaxin-1 DTMR to the plasma
membrane, the authors replaced thesyntaxin-1 TMR with the lipid-anchor
sequence of syntaxin-19. Importantly,
syntaxin-1 DTMR rescued all defects in
spontaneous, evoked, and sucrose-
induced release observed in syntaxin-1-
deficient neurons, showing that the
rescue is robust. Targeting synaptobrevin
without its TMR to synaptic vesicles was
more challenging, but replacing the syn-
aptobrevin TMR with the C-terminal pal-
mitoylated sequence of cysteine-string
protein a led to correct targeting with pro-
tein levels around 30%–40% compared
to WT synaptobrevin. The defects in
spontaneous release and the kinetics of
evoked release caused by synaptobrevin
deficiency were fully rescued by synapto-
brevin DTMR. Rescue of the amplitude of
evoked release and of sucrose-induced
release was only partial, likely because
of the lower levels of synaptobrevin
DTMR on the vesicles. Zhou et al. (2013)
obtained similar results when syntaxin-1
DTMR and synaptobrevin DTMR were
expressed in neurons deficient in both
syntaxin-1 and synaptobrevin.
These results establish that synaptic
vesicle fusion does not require the TMRs
of the SNAREs in either of the two mem-
branes and correlate with the finding that
yeast vacuolar fusion can occur without
a TMR in the R-SNARE Nyv1p (Jun
et al., 2007; Xu et al., 2011). In contrast,
reconstitution experiments with neuronal
SNAREs alone suggested that their
TMRs are critical for membrane fusion
(McNew et al., 2000), likely because reca-
pitulation of some fundamental aspects of
synaptic vesicle fusion necessitates addi-
tional key components of the general
fusion machinery such as the Sec1/
Munc18 (SM) protein Munc18-1 andDevelopmental Cell 27Munc13 (Ma et al., 2013). Indeed, the abil-
ity of Nyv1p lacking a TMR to support
yeast vacuolar fusion required the pres-
ence of the HOPS tethering complex,
which includes the SM protein Vps33p
(Xu et al., 2011).
The convergence of data from distantly
related systems such as synaptic vesicle
fusion and yeast vacuolar fusion strongly
suggests that SNARE TMRs are generally
not required for intracellular membrane
fusion, which has several important impli-
cations for understanding the mechanism
of fusion. Perhaps the most definitive
among these implications is that models
postulating that the SNARE TMRs form
a proteinaceous transmembrane fusion
pore (e.g., Han et al., 2004) can be ruled
out. Note in this context that such models
emerged largely from data involving the
neuronal SNAREs, but the data could
have alternative interpretations that now
need to be revisited in light of the results
of Zhou et al. (2013). An alternative role
that was proposed for the SNARE TMRs
involved destabilization of the lipid bila-
yers due to a propensity to adopt nonhel-
ical conformations, thus lowering the
energy barrier to form a lipidic fusion
pore (Langosch et al., 2001). The results
of Zhou et al. (2013) are not fully incom-
patible with this notion, but they do sug-
gest that the putative role of SNARE
TMRs in destabilizing the bilayers does
not make a major contribution to the
fusion mechanism.
As Zhou et al. (2013) conclude in their
study, the dispensable nature of SNARE
TMRs implies that SNAREs function pri-
marily as force generators that bring the
membranes together. A key question is
how this force is applied onto the
membranes to catalyze fusion. A widely
accepted model postulates that mem-
brane fusion requires the zippering of
SNARE complexes all the way into the
membranes due to formation of contin-
uous helices spanning the SNARE motifs
and TMRs (e.g., Stein et al., 2009)
(Figure 1). Clearly, this model will need
to be revised to account for the results
of Zhou et al. (2013). The authors also
shed additional light onto the impor-
tance of bringing membranes into close
proximity by analyzing the effects of
inserting flexible linkers between the
SNARE motif and TMR of syntaxin-1.
The data show that such linkers severely
impair evoked release and have milder, October 28, 2013 ª2013 Elsevier Inc. 125
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Previewseffects on spontaneous release, in agree-
ment with results obtained upon insertion
of similar linkers into synaptobrevin, as
also reported in Zhou et al. (2013) and pre-
vious studies (e.g., Kesavan et al., 2007).
These results show that the continuity of
the SNARE motif helices into the TMRs
may facilitate evoked release with the
WT proteins but is not an essential feature
of the fusion mechanism. They also show
that the close membrane proximity
caused by zippering of the SNARE com-
plex is important for evoked release but
is much less critical for spontaneous
release, likely because the evoked release
imposes more tight demands on the
release machinery. However, Zhou et al.
(2013) also show that syntaxin-1 DTMR
rescued evoked release in syntaxin-1-126 Developmental Cell 27, October 28, 2013deficient neurons more fully in the
presence than in the absence of a
seven-residue flexible linker between the
SNARE motif and the lipid anchor. These
results emphasize that much remains to
be learned about how the SNAREs apply
force on the membranes to induce mem-
brane fusion. Ingenious studies that
disentangle which features are essential
for fusion and which are not, such as
that presented by Zhou et al. (2013), will
be necessary to answer this question.REFERENCES
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Autophagy and primary cilium assembly have long been known to be induced by the same conditions in
cultured cells. Two recent studies in Nature—Tang et al. (2013) and Pampliega et al. (2013)—link the two
processes, suggesting that a specialized autophagy pathway near the basal body regulates cilium assembly.The primary cilium is amicrotubule-based
protrusion present on the surface of most
mammalian cells that relays a diverse
set of developmental, homeostatic, and
sensory signals to the rest of the cell.
The assembly of primary cilia is a dynamic
process initiated once cells exit the cell
cycle to enter quiescence (Seeley and
Nachury, 2010). In cultured cells, primary
cilium assembly is triggered by with-
drawal of growth factors, i.e., serum
starvation. However, when researchers
remove serum from their medium, they
also trigger the self-digestive process of
autophagy. While autophagy is classically
induced by removing both serum and
amino acids, it was long known that
serumdeprivation alone triggers autopha-
gic processes (Hershko and Tomkins,
1971). Yet, despite a common physiolog-
ical trigger, autophagy and ciliogenesiswere largely seen as independent pro-
cesses. Two studies from Pampliega
et al. (2013) and Tang et al. (2013),
published recently in Nature, now
provide evidence that link these pro-
cesses together biochemically, cytologi-
cally, and functionally.
The work from Pampliega et al. (2013)
showed that a subpopulation of the
autophagy machinery is present near the
basal body (the differentiated centriole
that forms the base of a cilium). To digest
cellular contents, a series of dedicated
autophagy (ATG) proteins organizes the
growth of a double-membrane sheet
around specific regions of the cytoplasm,
protein aggregates, or organelles to
isolate them inside a vesicular structure
(the autophagosome) that subsequently
fuses with the lysosome. While most of
the early autophagic processes are foundto take place near endoplasmic reticulum
membranes (Itakura and Mizushima,
2010), the proteins ATG16L and ATG5
(which function to extend the isolation
membrane) are enriched near the basal
body. Moreover, the presence of a func-
tional cilium appears to be required for
the recruitment of ATG16L and ATG5 to
the vicinity of the basal body. The cyto-
logical connection between autophagy
proteins and ciliogenesis may be of
functional importance, as genetic ablation
of Atg5, Atg7, and Atg14 slightly amelio-
rates ciliation in the presence of serum.
This functional connection between auto-
phagy and the ciliummay in fact be a two-
way street, as Pampliega et al. (2013)
find that Hedgehog signaling, a cilium-
dependent developmental pathway that
patterns the skeleton and the neural
tube, potently activates autophagy. While
